Abstract This paper documents how methodological challenges were addressed when identifying user requirements for an Interactive Domestic Alarm System (IDAS) designed to enable older adults to live independently in their own homes for longer. A novel approach to determine possible IDAS functionality is described, and the results of focus groups conducted with older adults and care workers are reported. The paper identifies some difficulties encountered when using the focus group method with an ageing sample, and highlights the importance of careful preparatory work if this method is to be used successfully in such a context.
Introduction
The UK, in common with many Western societies, has an increasingly ageing population. Transformations in health, social and lifestyle trends have led to decreases in mortality and fertility rates and increases in life expectancy. As a result, this has led to a population forecast indicating that 30% of the UK population will be over the age of 60 by the year 2031 [2] . Although this may be a cause for celebration, these figures also present problems. A recent study revealed that local authorities across the UK reported concern about inadequate resources for the services they could (and could not) provide for older adults [4] . The expected increase in the aged population is likely to create greater demands on these already overburdened service providers. To alleviate pressure on housing and care services, it is likely that there will be a greater emphasis on assisting those eligible for services within their own homes [1] . Such assistance is likely to be favourable for both service providers and clients, as over 80% of older adults consider their independence and living in their own home as very important [5] . The development of technologies to assist older adults with living independently in their own homes may provide a promising solution. For this reason, smart home technologies are being utilised to develop Interactive Domestic Alarm Systems (IDASs) designed specifically to assist older adults with independent living.
The design of an IDAS is a good example of an area where the application of new technology has great potential to improve the lives of older adults. However, it is also an application area where designers must be particularly sensitive to the needs and requirements of users. An IDAS will be implemented within users' homes, they will be pervasive and they will potentially detect intimate details of users' lives. The highly personal nature of the human-computer relationship in this context means that achieving user acceptance of the technology is a high priority. IDAS development is thus an area in which effective gathering of user requirements is vital, and as it is a novel application area, there is also a large scope for defining possible functionality. Given these features, IDAS development represents an ideal context in which to consider the elicitation of user requirements with older adults. This paper documents how methodological challenges were addressed when eliciting user requirement specifications for an IDAS for older adults. A novel, structured approach to determine possible functionality of a domestic technology is described, and the results of focus groups evaluating possible IDAS functionality with both older adults and key stakeholders are reported. The difficulties encountered when using the focus group method are discussed, raising the issue of the suitability of popular methods used in the design of interactive technologies when applied to an ageing sample. We use our experiences to propose ways in which the process of eliciting user requirements from older users can be made most effective. This provides the paper's main contribution to universal access, since in order to achieve universal access to technology it is vital that methods are found which can elicit requirements from all types of users.
The paper proceeds as follows: in order to put the research into context, we begin by defining the concept of an IDAS in more detail; we then describe the process which was followed in eliciting user requirements and the results obtained; finally, we end by discussing the implications of our research.
IDASs
An IDAS is a major departure from traditional ''detect and alert'' domestic alarm systems such as fire and burglar alarms. Fire and burglar alarms are dedicated alarm systems for single alarm states, whereas an IDAS can detect a variety of alarm states that may have negative consequences for an older adult. These might include, for example, doors and windows left open, low room temperatures, or a fall of the older adult. To further the distinction, traditional domestic alarms provide limited possibilities for interaction with the user. IDASs aim to promote independent living by providing the opportunity for dialogue and negotiation between the user and the system. IDASs may, as do some current domestic alarm systems, initiate contact via telecommunication networks with external care agencies if the older adult is unable to resolve the alarm state.
To explain how an IDAS may operate, consider, for example, the Millennium Home System, currently being developed through an academic and industrial collaboration based at Brunel University in the UK. This IDAS operates using sensors, retrofitted to the fabric of the older adult's home, that detect changes in the domestic environment. Sensor data is monitored and analysed by a central computer that, upon detection of an alarm state, activates the user interface to alert the user to the alarm state. At this stage, it is expected that the user will resolve the alarm state. If the user resolves the alarm successfully, the system will resume a ''safe state''. However, if user feedback is not detected, either via direct manipulation of the environment (for example, closing a door) or via a dedicated input device, the central computer will initiate an alarm call, via a call centre, to an external care agency, requesting human assistance. A ''safe'' system state will only be resumed when human assistance has been received. Differences between IDASs will lie in the specific technologies utilised and the number and type of alarm states that can be detected.
IDAS user requirement capture: methodological challenges
For human factors, a major challenge is how to define the functionality of a novel system of this kind, such that it meets the needs of both users and other stakeholders (carers, councils, insurers, etc.). Specifically, we need to address how we define user requirements in terms of the following key considerations:
-What events or situations the system should detect to maintain the health and safety of the home occupant; -The system behaviour (e.g., outputs, human-computer dialogue) in response to the detection of given events or situations.
In this paper, the first of these considerations is addressed. The decision of whether to detect an event should be primarily influenced by the wishes of users. More pragmatically, the available technology will place limitations on what can be detected. The design will also need to meet the legal and ethical requirements of other stakeholders. While users, stakeholders and technological limitations should all play a role in selecting functionality, we argue that this is best done by using them to evaluate possible functionality, rather than to generate possible functionality. For example, when generating possible functionality, technology may be limited by the expectations of the users, stakeholders and system designers. The risks of technology-driven design are well known; conversely, the risks of allowing users to ''invent'' the functionality of the system are that important functions may be omitted, due to the complexity of the domain. This perspective led us to adopt the approach described below. We began with a structured analysis of the domain in order to define an exhaustive list of possible functionality. The results of this analysis were then used as the starting point to research involving potential system users and stakeholders.
A novel approach: human reliability assessment
To identify the possible functionality of an IDAS to be evaluated by target users, a structured framework derived from Human Reliability Assessment (HRA) was used. HRA's generic goals are to identify, quantify and reduce human error [8] . HRA is largely used in high technology-high risk industrial settings. However, it is a suitable framework for a low technology domestic setting within which an IDAS will function, and promotes the idea of protecting human life and health. HRA is concerned with the elimination or reduction of human error, and thus becomes more compelling as an appropriate framework when we consider that the majority of risk situations in the home are a result of human error [13] .
Two key methods were employed by the researchers to conduct the HRA. The first was Task Analysis (TA) that offers a structured approach for the identification of domestic tasks and the way in which they may be performed. In the case of an IDAS, the overall task of interest was ''independent living''. Each task was identified in terms of, a) the requirement fulfilled by the task, b) the required behaviour to conduct the task and c) the identification of the typical events that constitute the required behaviour. Following the TA of independent living, the method of Human Error Analysis (HEA) was conducted. HEA uses the output of the TA to identify the ways in which human behaviour could lead to negative outcomes for the user, in this specific case, the resident. A simple and effective approach is to identify External Error Modes (EEMs) [14] that describe human error at the level of simple, observable behaviours. To understand how these techniques were used, consider the following example of a TA for the task of consuming food. Food consumption is a task that occurs within the domestic environment. The physiological requirement fulfilled by this task is the intake of nutrients. The behaviour needed to meet this requirement is the regular consumption of food. Following the TA of food consumption, HEA identified the EEMs that could occur during task performance and the negative consequences that may arise as a result of omission errors (i.e., not performing the task) or errors of commission (i.e., performing the task too little, too often or inadequately. Based on the TA for food consumption, omission errors would comprise not consuming food and commission errors include consuming an inadequate amount). The negative consequences that may arise from these EEMs include weight gain, weight loss and starvation, the latter leading to fatal consequences. Following the TA and HEA, the time frame for concern, i.e., the amount of time before action was necessary to prevent a negative consequence for the user, was considered. For example, the negative consequences associated with the EEMs for food consumption give rise to a time frame of days for errors of omission and a time frame of days or weeks for errors of commission.
Upon completing the TA and HEA, a content analysis was conducted that generated a list of 26 domestic activities. Only those activities that, through errors of omission or commission, could generate negative consequences for the resident were included. These activities were considered as the possible events that could be detected by an IDAS. This list of activities, which is documented in the following section, was used as the starting point for focus group research involving potential users and stakeholders.
A popular method: focus groups
From a human factors perspective, it is crucial that the core user requirements of an IDAS are gathered in terms of which alarm states the target user group would or would not like to be detected. To gather the core user requirements, we decided, given the project's time limits, financial constraints and application domain, that the most appropriate research method was focus groups.
Recent work in the design of interactive systems suggests that focus groups are a method ''of considerable power, precision and innovation'' [11] . Focus groups are a cheap, critically reflective and ecologically valid [3] means of gathering information from target users. As can be seen in the literature [9, 10, 12] , a focus group comprises discussion moderators and, typically, between five and 12 target users. Moderators initiate the topics for discussion and prompt further elaboration of the issues where appropriate. The use of focus groups for the elicitation of IDAS user requirements became more compelling when it was noted that focus groups were considered appropriate for use with an ageing sample [7] .
The following sections report three focus groups conducted with older adults and a focus group comprising care workers. The main aim of the focus groups was to elicit user requirement specification for IDAS functionality through the evaluation of the possible functionality of an IDAS included in the list of activities that could lead to negative consequences generated by the TA and HEA. Therefore the main objectives were to:
-find out which alarm states should be detected by an IDAS -explore the reasons why particular alarm states should or should not be detected.
Each focus group followed the same procedure; however, due to difficulties experienced by the researchers, focus groups became increasingly more structured. The reasons for this, together with the lessons that can be learned, are discussed in detail in Sect. 8. The same moderators oversaw each of the focus groups. Identical materials and general procedure were used throughout each of the four focus groups.
Participants
Focus group 1: 12 older adults (1 male, 11 female), all over the age of 65 and living independently.
Focus group 2: 5 older adults (1 male, 4 female), all over the age of 65 and living independently.
Focus group 3: 5 older adults (2 male, 3 female), all over the age of 65 and living independently.
Focus group 1-3: For safety, legal and ethical reasons, during the focus groups with older adults care workers from Hillingdon Social Services attended the sessions.
Focus Group 4: 6 care workers (1 male, 5 female) employed by Hillingdon Social Services, Home Care Service Department.
Materials
A tape recorder, an audio tape, notebooks, pens, a whiteboard, whiteboard markers, a list of 26 activities that could be detected by an IDAS: (1) Food/nutrient intake; (2) Drink/fluid intake; (3) Sleep/rest; (4) Personal temperature regulation; (5) House temperature regulation; (6) Elimination (excretion); (7) 
The procedure
The focus group participants were thanked for attending the session and informed of their ethical rights. They were advised that any information that they provided would remain anonymous, and that they could withdraw from the discussion at any point in time, should they wish to. The focus group moderators provided the participants with background information, explaining the motivation behind the development and general functionality of an IDAS. Following this short presentation, the participants were then informed that they were required to give advice on whether the activities that would be discussed should be detected by an IDAS. They were also informed that it would be very useful if they could explain the reasons as to why the activities should be detected. Subsequently, the moderators opened the discussion, starting with the first activity on the list, and continued to raise each activity in sequential order. The moderators elaborated on the activities where necessary, and when no further comments were forthcoming they would raise the next activity to be discussed. The focus groups were tape recorded for transcription and analysis purposes, and additional notes were taken documenting difficulties that were being experienced by the moderators. When all of the activities that could be detected by an IDAS had been considered and the discussion exhausted, the moderators informed the participants that the results of the focus groups would be available in due course, and thanked them once again for attending.
Results

Focus groups 1-3 (older adults)
Activities to be detected
Responses to each activity that could be detected by an IDAS were recorded in terms of the following issues:
a. The older adults wanted the activity to be detected by an IDAS (Yes) b. The older adults did not want the activity to be detected by an IDAS (No) c. The older adults thought that in the right circumstances it could be useful for an activity to be detected by an IDAS (Maybe) Table 1 shows the overall results of the three focus groups revealing which of the 26 activities were chosen by all of the participating older adults as activities to be detected and those that participants considered as useful to detect in appropriate circumstances.
Of the 26 activities deemed appropriate for IDAS detection, only five were considered as those that should be detected by an IDAS at all times (Personal temperature regulation, House temperature regulation, Management of existing medical conditions, Management of sudden onset medical conditions, home security and personal security), whereas the remaining three activities (Activity, management of slow onset medical conditions and personal hygiene) were considered appropriate for IDAS detection only in suitable circumstances. Personal hygiene (e.g., hair, body, hands, teeth) X
An exploration of the older adults' choice of activities to be detected
The amount of information gained throughout the focus groups decreased as the focus groups became increasingly structured (discussed in detail in Sect. 8). However, to summarise the observations made during the transcript analysis, older adults were reluctant to have tasks of an intimate or personal nature, such as toilet habits or hygiene, detected. The more able-bodied older adults tended to view the detection of such activities as completely unnecessary. However, the more frail participants were more likely to accept that there may be situations where detection of these tasks would prove useful.
Focus Group 4: care workers
a. The care workers wanted the activity to be detected by an IDAS (Yes) b. The care workers did not want the activity to be detected by an IDAS (No) c. The care workers thought that in appropriate circumstances it could be useful for an activity to be detected by an IDAS (Maybe) Table 2 shows the overall results of the focus group revealing which of the 26 activities were chosen by the participating care workers as activities to be detected and those that were considered as useful to detect in appropriate circumstances.
All of the activities presented to the care workers were deemed appropriate for IDAS detection. The responses highlighted in Table 2 are those that match the responses given by the older adults. 19 of the 26 activities were considered to be suitable for an IDAS to detect, whereas only seven of the activities were considered suitable for detection in the right circumstances.
An exploration of the care workers' choice of activities to be detected
From an analysis of the transcripts it is clear that the care workers approached the discussion in terms of how an IDAS may be useful to them. Specifically, the type of information that could be useful when making an ''onthe-scene'' assessment of situations that had escalated to the level of a negative consequence for an older adult. For example, the care workers responded positively to the detection of the resident's death so that they could be forewarned of this distressing situation prior to attending. This is by no means a criticism of how care workers dealt with the discussion of the task, as all support for detection came from their own experiences of dealing with elderly clients in their own homes.
Findings and discussion
The following section reports the main findings from this investigation into the elicitation of IDAS user requirements. The differences between the desired functionality of an IDAS from the older adults' and care workers' perspectives are discussed. A detailed discussion is pre-sented that considers the suitability of employing focus groups with older adults in the design and development of interactive systems. Finally, future directions for research are suggested.
Main findings: IDAS user requirements
Based on the results provided by both older adults and care workers, nine user requirements of IDAS functionality were agreed upon throughout the four focus groups. These were:
1. Personal temperature regulation 2. House temperature regulation 3. Activity (movement/mobility) 4. Management of existing medical conditions 5. Management of sudden onset medical conditions 6. Management of slow onset medical conditions 7. Home security (monitor entry and exit points) 8. Personal security (alarms and self defence) 9. Personal hygiene (e.g., hair, body, hands, teeth)
Exploring the reasons as to why an activity should be detected or not proved difficult with the three focus groups comprising older adults. They provided a large amount of unrelated information as they began to ''wander'' from the specific activity being discussed. However, throughout the focus group transcripts, one theme dominates negative reactions to the detection of certain activities, namely, that older adults do not wish for personal or intimate activities to be detected. Perhaps this is due to a need for privacy, along with the desire for independence. With this in mind, it is not surprising that the activities associated with stereotypically taboo subjects such as elimination (i.e., excretion and urination) were also met with strong negative responses when it was suggested that these activities could be detected by an IDAS. However, it was noted that the frailer the older adult, the more likely they were to reconsider the detection of elimination when the benefits of monitoring bathroom behaviour was proposed. Such detection could indicate ill health and if detected at an early stage by an IDAS could lead to quicker resolution, should an external care agent be contacted.
In contrast, the care workers delivered positive responses to the detection of all of the activities proposed for detection. All responses fell into the ''Yes'' or ''Maybe'' detection categories. The differences between the overwhelmingly positive responses of the care workers when compared to the older adults' responses could simply be due to differing personal perspectives. Both groups addressed the detection of activities from their own viewpoints. The older adults appreciated that they would be immediately affected should there be a problem with their performance of a particular activity. The care workers, on the other hand, dealt with the issue of detection in terms of how to avoid the negative consequences that they often deal with when activities fail to be conducted in an appropriate manner.
Focus groups-a suitable method?
As previously mentioned, throughout the focus groups conducted with older adults, the moderators experienced a number of difficulties. It is suggested that these difficulties are related to the age of the sample, since these difficulties were not experienced when conducting the focus group with care workers, a group of young/middle aged adults. The fact that difficulties were experienced was a surprise given that it had been previously documented that focus groups are an appropriate method to be used with older adults with no need for modification [7] . However, since conducting this research other authors have also commented on experiencing difficulties when conducting focus groups with older adults [6] . Specifically, difficulties were encountered when attempting to manage focus groups comprising more than three older adults. In [6] it is suggested that these difficulties may have been due to auditory impairments and the older adults' ability to follow the discussion.
The problems experienced during the first focus group with older adults were related to keeping the discussion focussed on the activities that could be detected by an IDAS. The participants were inclined to ''wander'' from the topic under discussion, providing instead unrelated anecdotes and chatting amongst themselves. It was difficult to keep the participants' attention focused on the task. Whether these attention problems were due to the cognitive demands of the session or to fatigue or boredom is unclear. There were, however, two factors that we felt were contributing to the problem: the large number of participants (12) recruited for this particular session, and the loosely structured approach that the moderators had adopted.
As a result of the problems experienced in the first focus group, the second focus group employed a smaller number (five) of older adults. Some increased structure was also imposed by avoiding the use of overly broad, open-ended questions. There were some notable advantages in the smaller group size; for example, the session was more productive in the sense that everyone had time to contribute, and those who appeared nervous could be drawn into the discussion more easily by the moderators. However, there were still problems with keeping the attention of the group focused on the task.
Both the first and second focus groups were effective at drawing out user opinions on which activities should be detected by an IDAS, but were less effective at probing why activities should be detected. Notably, the discussion structure for the first of these objectives was closely based on the outcomes of the task analysis and human reliability assessment stage of the research. A looser structure was adopted for discussing why activities should be detected, since we had hoped that this would generate more in-depth explanations. Instead we found that, even with the less open-ended approach used in the second focus group, it was during these less structured discussions that the moderators had the most problems in keeping the participants' attention. For the third and final focus group conducted with older adults, a full structure was imposed to probe both objectives. Here, as in the previous groups, the discussion of functionality was based on the list of activities generated during the human reliability assessment phase. In addition, in this focus group, the questions about why particular activities should be detected were replaced by a structured discussion around the need to detect particular categories of negative outcome for the home occupant. The categorisation used, based on both severity of negative outcome and timeframe for concern, had also been developed during the human reliability phase of our research. As a result of this amendment to the focus group procedure, less inter-group chatting was observed, and the topics were discussed more quickly than in previous sessions. In general, it was felt that IDAS user requirements were successfully obtained. However, the depth of information obtained was limited, with limited possibility of exploring the reasons behind the choices the target users had made.
Possible alternatives
Given the difficulties experienced when keeping older adults focused on the topic for discussion during the focus groups, other methods may have been more suitable to elicit the user requirements for the Millennium Home System. For more in-depth information, perhaps individual semi-structured or structured interviews would have been more appropriate. For a wide breadth of information from a larger number of target users, a series of focus groups with no more than three older adults may have provided similar data. However, both of these alternatives are more time consuming than conducting focus groups with larger numbers.
Conclusions
Our experience of user requirements elicitation in the context of IDAS development allows us to draw several conclusions. Focus groups with older adults require more careful handling than those with younger adults. We found that focus groups with older adults ran most smoothly when (a) a highly structured approach was used, and (b) a relatively small group of participants was involved. The strong need for structure in the focus groups meant that the preparatory work that we had done, using human reliability assessment to define possible system functionality, proved invaluable. This analytic research provided us with a clear structure around which to base discussions with participants. As the need for structure became increasingly clear, we progressively increased structuring in our approach. We argue that this preliminary analysis stage contributed significantly to our successful use of focus groups in this context. Consequently, we recommend that the use of focus groups in user requirements gathering for older users be preceded by a thorough analysis of the domain. The results of such an analysis should be used to design highly structured focus groups, each composed of relatively few participants. Such an approach is, we believe, the best way to exploit the potential benefits of using focus groups with older users.
We found the focus group method less effective with older users when the procedure was less structured, because of the problems of keeping the participants ''on topic''. For the same reason, it was difficult to obtain indepth information during focus groups with older users. This suggests that there will be a number of situations where focus groups will not be a suitable method for requirements elicitation with older users. One such situation is where the research is highly speculative and little is known about the domain. To re-iterate the point made above, researchers need a good understanding of a domain in order to structure the focus group approach sufficiently for it to work well with this user group. Another situation where focus groups will be less suitable is where researchers are concerned with eliciting indepth responses. In such situations interviews or even smaller groups may be a more effective way of interacting with potential users.
We recommend suitable alternatives to the focus group method for user requirement capture with older adults. Where detailed information is required we suggest that individual semi-structured or structured interviews may provide the necessary data. When there is a need for input from a larger sample of older adults, a series of focus groups, with no more than three participants, may prove successful. However, we note that although potentially suitable and likely to overcome the experienced difficulties associated with structure and keeping the older adults ''on track'', these methods may demand extra time resources.
Finally, we noted from our research that the focus groups with older users and those with carers elicited noticeably different patterns of results. While the viewpoints of both groups are valid, this result does emphasise the need to include older users themselves in requirements specification work. Carers may be considered experts at dealing with the problems experienced by older adults, but this does not mean they will necessarily share the same concerns about the use of technology.
Future directions
Since this work was conducted, the IDAS user requirements have been implemented in the design and development of the Millennium Home System described earlier in this paper. Future research into user requirements of older adults for interactive system design needs to further investigate, and disseminate results concerning, issues related to the suitability of popular methodologies employed with an ageing sample. From the use of focus groups reported in this paper, it is clear that, at present, perhaps due to the limited research into the design of interactive technologies specifically for older adults, both older adults and researchers may be disadvantaged in terms of their use and design of technologies if popular methodologies are not adapted to meet the needs of an ageing user group.
